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SI. DCS of an aggregated nanoparticle (NP) sample
The use of the LSPR shift for the computation of the protein shell refractive index relies on the challenging condition that NPs are not aggregated. DLS accuracy and interpretation of data also depend on the knowledge of the aggregation state of the NPs.
Among the available techniques to measure NP size distribution, DCS was the only one with sufficient size resolution to allow monitoring of the NP aggregation. Figure S1 shows an example of an aggregated NP sample. Samples of this type were discarded from the data presented in this work, but this one is shown here for clarity. The sample is made 
SII. Calculation of organic shell thickness and composition on gold nanoparticles by XPS.
From the work of Shard 1 we obtain the following equations:
Where I i is the measured XPS intensity and I i ∞ is the measured or calculated intensity for the pure material of unique photoelectrons from the shell (overlayer), i = 1, and the core (substrate), i = 2, respectively.
Where L i,j is the attenuation length of photoelectrons arising from material i travelling through material j, where j = a represents the shell and j = b represents the core.
The core radius of the particle, R, and shell thickness, T, are expressed in units of
The following equation and ancillaries may be used to obtain T NP to a precision of better than 4%. [4e]
Equations 4a to 4e apply to data where the core and shell intensities are measured and normalised to the intensities from the respective pure materials, as encapsulated in
A.
1 As with any measurement of overlayer thickness by XPS, this implies knowledge of or an ability to estimate the pure material intensities using the same XPS instrument and settings.
In this case, the pure material intensities cannot be obtained and therefore an estimate must be made. We assume that XPS relative sensitivity factors may be employed to describe the intensity arising from different elements in the same material and therefore the intensity of element 'k' in the pure organic overlayer material can be expressed as:
Where X k is the mole fraction of the element in the pure organic overlayer material and S k is the sensitivity factor of the XPS signal from that element used in the analysis. One may be tempted to use an expression such as that shown in equation [6bad] to obtain A, but this cannot be recommended because the sensitivity factors only relate to signals arising from the same material and, because attenuation lengths, densities and intrinsic loss processes in the two materials may differ significantly, serious errors can result. A better approach is to compensate for the attenuation lengths and densities, where these are known, but this still does not adequately address intrinsic loss processes which, for all but a small handful of materials, can only be obtained experimentally. The recommended method is to analyse flat samples of the two pure materials consecutively with the sample to obtain the pure material intensities. However, obtaining pure materials without contaminants is not always possible. In the following, we make the quite reasonable assumption that attenuation lengths, densities and intrinsic losses are negligibly different for organic materials.
To simplify and generalise the analysis of organic materials on gold substrates and nanoparticles, we also employ the sensitivity factor of gold, but recognise that an additional factor, f, must be used to compensate for the different attenuation length, density and intrinsic loss processes between the two materials: the gold core and organic
shell (Au and Org). Thus, for each element in the shell we have a distinct value of A:
[Au]
[6]
In which [k] and [Au] are the mole fractions or atomic% of those elements determined by XPS analysis in the standard manner.
The first task is to find the value of f (which we estimate to be ~0.4 from consideration of the relative electron attenuation lengths and densities of gold and organic materials).
We have measured XPS intensities from a pure organic material and from sputtercleaned gold under the same experimental conditions on the same day. Firstly, separate samples of a spin cast PEG-biotin thiol and gold provided the results in table 1. The value of f is simply given by the ratio of the normalised and summed intensities for each material. In a second experiment a vacuum evaporated layer of ~50 nm Irganox 1010 on gold was analysed by XPS and then the organic layer removed by argon cluster beam sputtering. The cleaned gold was analysed under the same conditions with the sample in the same position. Therefore a value of f = 0.56 appears both useful and consistent for these two different types of organic material and should be generally applicable. This value is somewhat different to the ~0.4 expected from a consideration of material densities and electron attenuation lengths, but accounts for attenuation length errors, intrinsic loss processes and the systematic errors in background subtraction during data analysis and therefore is used here.
The values of L i,j may be obtained from the equation S4 in the paper from Seah. 
SIV. ζ-potential measurements of coated NPs:
ζ-potential measurements were performed to confirm changes in the NP surface chemistry upon coating. ζ-potential measures the potential difference between the double layer at the NP slipping plane and that of the bulk solution. With increasing protein shell thickness, it is expected to become less negative, since the slipping plane is physically further away from the charged NP gold surface, but clearly the charge of molecules at the NP interface also affects its value. The results of these measurements are shown in Figure   S3 below. The ζ-potential of the citrate-coated NPs was found to decrease with increasing NP size, from -23 mV to -41 mV. Upon acquisition of a BSA or an IgG shell, the ζ-potential of the NPs becomes less negative, which is consistent with previous work.
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The dependency of ζ-potential on NP size was less pronounced for BSA coated NPs and was lost for the IgG coated NPs. This is consistent with the IgG shells being thicker than the BSA ones. In particular, ζ-potential values of IgG-coated NPs are close to 0 mV, which implies an increased likelihood of particle aggregation as repulsion between individual particles is reduced. This result supports our choice to characterise the IgG coated NPs in liquid before centrifugation. On the contrary, for the NPs coated with CAG4 peptide, the measured ζ -potential is the same as the citrate-stabilised NPs for NPs of size 10 nm and 20 nm, and becomes more negative for NPs with larger size. The reasons for this behaviour may be twofold: first of all the thickness of the peptide layer is lower than that of BSA and IgG coatings. Secondly, CAG4 peptides at pH 9 are negatively charged and form a self-assembled monolayer at the surface of the particles. It is expected that this peptide layer is more ordered for larger particles, which would imply a higher peptide packing density, translating in a higher surface density of negative charges. Figure S3 . ζ-potential measured for protein and citrate coated NPs.
SV. DCS measurement of NP effective density and shell thickness:
Equation 2 in the manuscript provides a means to plot the effective densities of the NPs as a function of particle size and Equation 3 in the manuscript can be used to fit the data and estimate the average shell thickness of the NPs, as shown in Figure S4 . The values of the NP effective density, ρ eff , resulting from the fits tended to be slightly underestimated for NP sizes below 30 nm, and slightly overestimated for sizes above 30 nm. This was confirmed by observing that fit residuals tended to decrease with increasing NP size. As the fits were performed in the assumption of a uniform density of each type of coating across NPs of different sizes, one possible explanation for this effect is that molecular species are more densely distributed on surfaces with higher radius of curvature. A similar conclusion may be reached by observing that the 80 nm NPs always exhibited the lower refractive indices (Table S4) . Surface molecular adsorption is a complex kinetic process and no simple model exists that can usefully be applied to this data. However, a decrease in NP surface curvature may be responsible for enhancing the steric barrier to further molecular adsorption by increasing the density of loops and chains on the outside of the protein shell. This would decrease the rate of interaction and exchange with protein in solution and prevent larger particles attain equilibrium coverage of protein.
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SVI. Example of SEM image of citrate coated gold NPs:
In all of the characterisation techniques used in this work, it is assumed that NPs are spherical. Deviation from this assumption introduces inaccuracy in the measured size of the NPs. Figure S5 shows that under SEM investigation, the NPs appeared in a range of shapes. Currently there are no validated methods for correcting our data for deviations from sphericity, but reasonable methods exist for estimating shape factors 5 in sedimentation and diffusion which suggest that errors in measured diameters will be much less than 5% for even the least spherical particles shown here. All results will therefore need to be interpreted as relating to the "equivalent average sphere". The image exemplifies the range of shapes and sizes contained in the NP sample.
SVII. Relative protein content in protein shells.
The abundance of nitrogen in the protein shell as measured by XPS can be used to quantify the relative amount of protein in the NP shells. Figure S6 shows that the protein mass relative to the total organic matter remains constant around 85% for the IgG shell and decreases almost monotonically from 70% to 40% in the case of BSA. For the CAG4 peptide, the peptide content varied between 80% and 40%, with a minimum for 40 nm
NPs. Figure S6 . Relative protein content in protein shells as measured by XPS and normalised to the expected content.
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